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Establishment and persistence of legumes on 
sites varying in aspect, landscape position, 
and soil type 
Abstract: Most Iowa pastures display only a small variety of plant species, resulting in large seasonal and 
annual variations in pasture productivity. This project evaluated the causes for these variations in cool-
season grass pastures and considered ways to improve diversity of legume species used for grazing. 
Background 
The role of forages in soil conservation and 
animal production on marginal land is of 
major importance in Iowa. Between 1986 and 
1997, nearly 1.8 million acres of marginal 
Iowa lands were seeded into simple grass and 
legume mixtures after enrollment in the Con­
servation Reserve Program (CRP). Another 
1.5 million acres are used as permanent grass 
pasture, and 2.2 million acres are considered 
cropland with hayed or grazed forages. 
Cool-season grasses found in CRP fields are 
also the dominant grass species found in per­
manent cool-season grass pastures through 
Iowa. Among these are smooth bromegrass, 
Kentucky bluegrass, reed canarygrass, 
orchardgrass, and tall fescue. The species 
diversity of these pastures is narrow, domi­
nated by two or three grass species. 
This experiment evaluated whether 
1.	 The productivity of cool-season grass pas­
tures for stocking livestock can be im­
proved by increasing composition and 
diversity of legume species to extend plas­
ticity to seasonal climatic and soil varia­
tions, 
2.	 Forage quality of pastures can be increased 
with establishment of diverse legume 
mixtures, and 
3.	 Legume mixtures will establish in spe­
cific pasture areas with soil conditions to 
which they are best adapted. 
Approach and methods 
Complex legume mixtures containing cicer 
milkvetch, annual lespedeza, birdsfoot trefoil, 
alfalfa, annual sweetclover, white sweetclover, 
yellow sweetclover, berseem clover, kura clo­
ver, red clover, and white clover were 
interseeded into established cool-season grass 
pastures located at the ISU Rhodes Research 
Farm in central Iowa. These demonstration 
pastures displayed varying slopes, aspects, 
landscape positions, and soil types on all six 
sites. 
Three sites had north- and south-facing as­
pects, and three had east- and west-facing 
aspects. All six sites contained summit, 
backslope, and footslope landscape positions. 
Each site was divided into three paddocks, 
which were ungrazed, stocked intermittently, 
or stocked continuously by beef cattle during 
the stocking seasons over a three-year period. 
Pastures were sampled extensively to study 
changes in the demography of plant popula­
tions with respect to soil characteristics and 
seasonal and annual variation in climate. The 
contribution of each component within the 
population to forage availability and quality 
was determined. Soil seed bank dynamics also 
were studied. 
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Schematic of typical 
pasture layouts. 
Shaded areas indicate 
stocking sytem and 
landscape position 
combinations within 
which vegetative, soil 
nutrient, and soil 
morphology data were 
collected. 
Results and discussion 
Climate and aspect Precipitation for the three 
growing seasons in this study was close to 
normal. Temperatures were cooler than nor­
mal and quite conducive for adequate growth 
of cool-season grasses and legumes. 
Total available herbage, grass available herb­
age, legume available herbage, grass and le­
gume tiller densities, legume composition on a 
dry matter and tiller number basis, legume 
species richness, and legume density were 
similar regardless of slope aspect. Steepness 
of slope and length of slope may not have been 
great enough to alter the microenvironment at 
different aspects and cause or direct changes in 
vegetative dynamics. 
Grazing method effect The grazing system 
used had a profound effect on the available dry 
matter herbage and grass matter herbage of the 
pastures. Total dry matter availability and 
grass dry matter availability were greatest for 
the non-grazed pastures. Rotationally stocked 
areas also had greater total and grass dry mat­
ter availability than did the continuously 
stocked areas. Legume dry matter availability 
suprisingly was not different between the three 
grazing methods. 
Species richness is an indicator of the total 
number of legume species present in the sample. 
Legume species that comprised the total le­
gume dry matter component were different 
according to the grazing method. The non-
grazed control averaged 1.0 legume species in 
each sample, while the continuous and rota­
tional systems had a significantly greater (1.8) 
number of legumes present in an average 
sample. 
Grass tiller densities were greater in the 
rotationally stocked pastures than in the non-
grazed pastures. Continuously stocked grass 
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tiller density was not different than either of 
the other methods. Forage quality values were 
different for the sample areas according to the 
different grazing methods used. Crude protein 
especially was greater for the continuously 
stocked pastures than either the rotationally or 
non-grazed pastures. The main difference be­
tween grazing methods is likely a direct result 
of the extent of grazing and the maturity of the 
forage regrowth at the time of sampling. 
Legume dry matter increased in the same man­
ner for all three grazing methods each year. 
The greatest available legume herbage within 
a year occurred during the summer harvest, 
except in the continuously stocked pastures 
where the greatest available legume herbage 
occurred in the spring. 
Landscape effect Just as grazing altered the 
vegetative dynamics of the pastures, definite 
trends due to landscape position also were 
evident across the pastures. Toeslope posi­
tions showed greater total herbage and grass 
available herbage than did all other positions. 
Summits and backslopes were not different in 
total herbage. 
The number of legume species that made up 
the legume component at each landscape var­
ied. Backslope positions had greater species 
richness than the summit and toeslope posi­
tions. Summit and toeslope positions were 
much the same for each species variety. 
Landscapes responded in the same manner 
under all three stocking methods, with the 
backslopes having greater legume dry matter 
herbage than the summits or toeslopes. No 
interaction occurred between stocking method 
and landscape position for available legume 
herbage. But legume dry matter composition 
altered as a result of both the changing total 
and grass herbage availability for the stocking 
scheme and landscape combinations. 
Soil seedbank White clover was the only 
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legume seed found in the seedbank and the 
only legume vegetatively present in the pas­
tures before onset of this experiment. White 
clover vegetation was scarce, though seedbank 
analysis showed a fairly high concentration of 
seeds just below the soil surface. Speculation 
is that the seeds may not have been viable, soil 
conditions were not suitable for germination, 
or competition from grass or thick mulch may 
have stifled germination. 
Following seeding and grazing, seed produc­
tion from the legume component appeared to 
be quite variable. Surprisingly, the variations 
in seedbank results were so great that statisti­
cal differences did not exist between land­
scape positions. No difference was found 
between stocking treatments either. Legume 
seed remained in the seedbank regardless of 
the stocking method used. Factors that limit 
the growth of the seed already in the soil 
seedbank remain unknown. 
Conclusions 
Legume available dry matter significantly in­
creased during specific periods of the year and 
specifically at the backslope landscape posi­
tions. Backslopes in grazed pastures showed 
the greatest potential for pasture improvement 
through legume seeding. Legume dry matter 
composition, legume tiller composition, and 
species richness were all greater in grazed 
paddocks on backslopes. Legume diversity 
also was greater at backslope positions, espe­
cially in rotationally stocked pastures. 
Continuous and rotational grazing pastures 
had greater forage quality than more mature 
non-grazed pastures. Backslope landscape 
positions in the grazed treatments had higher 
overall forage quality than did the summit and 
toeslope positions. 
Continuously stocked and rotationally stocked 
treatments showed higher forage quality of 
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Positive linear 
relationships of 
legume dry matter 
proportion and 
species richness to 
land slope. 
available herbage than non-grazed pastures. 
Differences in forage quality with respect to 
stocking resulted from grazing effects on veg­
etative maturity. Temporal variation in forage 
quality was likely affected by legume compo­
sition, season of legume growth, and the extent 
of grazing. 
Soil seedbank analysis was quite variable with 
little relationship to legume composition. No 
difference was found between stocking meth­
ods or landscape positions in seed density. 
Only yearly variations influenced seed num­
bers in the soil seedbank. 
Impact of results 
Species and site recommendations for pasture 
improvement through frost-seeding legumes 
may be made based on landscape position and 
stocking method. Birdsfoot trefoil and red 
clover mixtures appear to be the legumes best 
adapted to growth on backslope positions in 
rotationally stocked pastures, while white clo­
ver tended to survive best in continuously 
stocked pastures. Only birdsfoot trefoil was 
able to withstand long-term, heavy grass com­
petition in the non-grazed pastures. 
Differences in forage quality indicate that pro­
ducers interested in a continuous supply of a 
constant feed source for monitoring animal 
performance and balancing diets would ben­
efit by managing pastures according to land­
scape position. Decisions concerning place­
ment of fencing for rotational systems could 
rely on landscape position as a guide. 
In general, the spatial factor of slope is one of 
the best measuring tools for assessing the 
potential success of legume introduction into 
grass pastures and subsequent management. 
Land slope is likely the easiest of all soil 
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variables to measure. Managers who wish to 
renovate pastures may simply use the land 
slope to classify current grazing lands or lands 
in CRP with the greatest potential for improve­
ment through legume seeding. 
Legume seeding is likely not beneficial or 
necessary on land that does not have much 
slope. These areas also contained large num­
bers of seeds in the soil seed bank and have 
been shown to be highly productive and domi­
nated by grasses. Producers may realize re­
duced seed costs by avoiding seed placement 
at summit and toeslope areas that showed little 
pasture improvement through legume seeding 
until questions about limitations to seeding 
can be answered. 
Grazing systems should separate backslope 
and summit positions because vegetative com­
position and forage availability may be differ­
ent during specific times of the year. Dividing 
these land units also will supply a more uni­
form feed source during the grazing period. 
Results of this study affirm recommendations 
to separate land by landscape units for inten­
sive rotational systems. This information is 
especially promising for mangers with large 
CRP acreages, which by definition consist 
mainly of steeply sloped, highly erodible soils. 
Education and outreach 
Three field days (1996,1997, and 1998) and a 
1997 media day were held at the Rhodes Re­
search Farm. Along with a tour of the research 
pastures, talks were given to explain the inten­
tion, design, current results, and impacts of 
this project. 
A poster about the project was displayed at the 
1997 ISU Agronomy Day event at the ISU 
Agronomy Farm. Material from this research 
effort was presented at the 1998 Iowa Forage 
and Grassland Council Annual Program. Data 
from this project were also presented at the 
1999 joint meetings of the American Forage 
and Grassland Council and Society for Range 
Management, to the Agricultural Research 
Service personnel in Woodward, Oklahoma, 
and to staff at the Kansas State University 
Agricultural Research Center in Hays. A poster 
presenting the most recent project data was 
part of the November 1999 American Society 
of Agronomy meeting in Salt Lake City. 
For more information 
contact Keith 
Harmoney, Agronomy, 
Iowa State University, 
Ames, Iowa 50011; 
(515)294-8713, e-mail 
hormone @ iastate. edu; 
or Kenneth Moore, 
Agronomy, Iowa State 
University, Ames, Iowa 
50011; (515)294-5482, 
e-mail 
kjmoore @ iastate. edu. 
Leopold Center Progress Reports 25 
